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Abstract 
Seven pieces of charts of the Changjiang estuary from 1879 to 2000 are digitized and digital elevation model (DEM) 
of the Changjiang estuary in different periods is established supported by GIS, based on which, the shoals around 
Changxing-Hengsha Island and Jiuduansha is visualized,  the change of area, volume, the amount and thickness of 
erosion-accretion and horizontal transposition rate of depth contour are calculated. The results show that: the trend of 
the second and third generation of the shoals around alluvial islands in the Changjiang estuary in the past 150 years is 
that deposition is as a whole and progradation seaward along southeast with deposition rates is faster than that of 
previous time; there are a total of 1.948 billion tons of sediment from 1879 to 2000, with the average annual 
deposition of 16.1millin tons, nearly accounting for 3.72% of sediment flux in Datong, and with the average annual 
sediment thickness of 0.83cm. The deposition rates differ in different periods, and some time there is even a certain 
degree of erosion; erosion-accretion status differs in different shoals, shoals of Changxing-Hengsha Island are in 
washed status, east of Hengsha Island and Jiuduansha are in siltation status; the natural evolution of shoals is an 
important part in the growth development of the Changjiang estuary and constrained by the amount of sediment in the 
Changjiang stream; with the increasing intensity of development in stream and the increasing number of coastal 
engineering in the estuary, the impact of human activities on the shoals around alluvial islands is becoming more and 
more intense, and the natural evolution process of shoals would even change. 
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1.Introduction 
About 433 million tons of sediment carried by Changjiang River enter the estuary each year, which 
makes a series of large underwater bars be formated and then gradually  exposed to the surface of the 
water, the four alluvial islands of the Changjiang estuary then be formed lastly. The shoals distributed 
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around the alluvial islands are ones of the most sensitive and most vulnerable geomorphological units in 
the areas of land-sea interaction in the coastal zone [1], to understand their evolution trend in the context 
of human high-intensity development is the issue of mutual interest of estuarine and coastal 
geomorphology workers and builders of hydraulic engineering. This paper is based on the historical sea-
picture and has done the quantitative analysis on the spatial and temporal variation characters of the 
second and third generation of the shoals around alluvial islands as Changxing-Hengsha Island and 
Jiuduansha and so on since 1879, thus providing the water resources management of the Changjiang 
Basin, the resources development of the Changjiang estuary and the land renovation and port construction 
with a scientific basis. 
Research Data and Research Methods 
This paper has collected many pieces of sea-charts of the Changjiang estuary, selecting 7 pieces in 
1879,1931,1958,1971,1995,1998,2000 to analyze. 
Firstly this paper scanned the sea-chart and then uses the GIS software to make it digital, and the 
unified water depth value of each period being revised in the base level of the theory depth, by the 
support of Kriging interpolation method to generate grid file, with the establishment of underwater digital 
elevation model of each period (DEM). On this basis, the change of area, volume, the amount and 
thickness of erosion-accretion and horizontal transposition rate of depth contour in each shoal island since 
1879 are statistic and calculated by using GIS, and this paper uses the average bulk of density of 1.7 t/m3 
sediments in the -5 ~ 0m shoal of the Changjiang estuary to convert the volume in the -5 ~ 0m shoal into 
the amount of sediment erosion and deposition. 
The Analysis on Result 
Temporal Variation Characters of the Second and Third Generation of the Shoals Around Alluvial 
Islands in the Changjiang Estuary 
Change in Area . From 1879 to 2000, the total area of shoals has increasing trend, and by 2000, areas of 
0m,-2m and -5m have reached 290 km2ǃ702 km2ǃ1139 km2 respectively, the average annual growth 
rates are respectively 0.73 km2/aǃ1.82 km2/aǃ2.31 km2/a. The changing trend of each shoal area is 
different, area of the shoals around Changxing-Hengsha Island has reduced, while the area of the eastern 
shoals around Hengsha Island has increased, and the area of Jiuduansha has increased rapidly since 1931, 
by 2000 areas of 0m,-2m and -5m have respectively increased 11ǃ9ǃ6 times compared with those in 
1931, with the respective annual average growth rate of 1.63 km2/aǃ3.37 km2/aǃ5.11 km2/a, which is 
the area of shoal with the fastest growing rate. The variation trends of each shoal differ in different 
periods and the changing rates are quite different. 
Changes in Volume and Erosion. From 1879 to 2000, the total volume of shoal increased, with silting up 
trend, to 2000, the volumes of -5 ~-2m, -2 ~ 0m, -5 ~ 0m respectively reached 2.7 billion m3ǃ1.1 billion 
m3ǃ3.8 billion m3, the average annual growth rates are respectively 6.2 million m3ǃ3.3 million m3ǃ9.5 
million m3. During nearly 150 years, the second and third generation of the shoals around alluvial islands 
in the Changjiang estuary deposited the total amount of 1.948 billion tons, accounting for 3.72% of 
sediment flux in Datong, with the average annual sediment thickness of 0.83 cm. 
The erosion in the study area varied, the same shoal would wash and silt at different times and at the 
same time the different shoals would wash or silt. The volume of the shoals around Changxing-Hengsha 
Island reduced between 1879 and 2000, showing erosion trends, the average annual erosion thickness is 
1.24 cmǃ1.25 cm; The volume of the eastern shoals around Hengsha Island increased, showing silting 
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up trend, the average annual sedimentation is 1.99 cm; The volume of Jiuduansha has increased rapidly 
since 1931, showing a strong trend of silt up, by 2000, volumes of -5 ~-2m, -2 ~ 0m, -5 ~ 0m have 
respectively increased 7ǃ10ǃ8 times compared with those in 1931,with the respective average annual 
growth rate of 12.7 million m3ǃ5 million m3ǃ17.7 million m3, which is the shoal with the fastest 
accretion rate and the annual average sediment thickness of 4.19 cm. 
Spatial Variation Characters of the Second and Third Generation of the Shoals Around Alluvial Islands 
in the Changjiang Estuary 
Evolution Process of Shoals. In the middle of the 19th century, there are only two sea-outs of the 
north-south branch in the Changjiang estuary, master one is to go to the south port, to the north of ship 
tanks is the Chongming Island distributing the majority areas of the copper sand of shoals, and the shoals 
gradually widened from northwest to southeast the n being triangle, the north port is a tidal rose The tidal 
channel with a dominated role of tidal flow. Since then the sediment continuously deposited, and the 
copper sand shoal continuously also deposited high, to 1879 the north port washed away. The copper sand 
shoal was slotted into two slots by the southeastern ebb and the west part of the ebb was enveloped with 
the shoals around Changxing-Hengsha Island by the same -5m contour. Changxing Island at this time 
showed only the three heart shoal near the Wusong estuary, while the Hengsha Island has become an 
independent island separated from the copper sand shoal by groove between the channeling. In 1931 the -
5m contours in the study area connected through as one, there appeared a new heart shoal in the 
Changxing Island, the north-west and east of the shoals around the Hengsha Island rapidly grew, the 
western part of the copper sand shoal connected to the Hengsha Island and then formed as one, forming 
the eastern shoal around the Hengsha Island, while the eastern part later evolved into the shoals around 
the Hengsha Island; Jiuduansha took shape in the tail of the round shoal and the eastern shoal around the 
Hengsha Island. In 1940s and 1950s, several Changjiang floods played the role of cutting the shoals in the 
tail of the round shoal and the eastern shoal around the Hengsha Island, with the -5m contour in the north 
slot connecting through and expanding, Jiuduansha has become a sand island where the high tide exposed 
and the ebb flooded between the south and north slot [3]. By 1958 the pattern of four estuaries into the sea 
in the Changjiang estuary has basically formed, the -5m contours in the study area are consisted of the 
three parts of respectively enveloped shoals around the Changxing Island, east of the shoals around the 
Hengsha Island and copper sand shoal and Jiuduansha. The Changxing Island is still composed of several 
sand shoals; Shoal around Hengsha Island are mainly the east of the shoals around the Hengsha Island 
and the copper sand shoal in the shadow area of the eastern islands; The tail of the Jiuduansha formed two 
rustle like flood channels. After artificial dams constructing for blocking the port from 1960s to 1980s, 
the Changxing Island has gradually become an independent island[5], the shoals are mainly distributed in 
central sand and grass sand area of the northwest; The copper sand shoal evolved into the present shoal 
around the Hengsha Island; Jiuduansha gradually formed its spinning spindle contour, and keeping to the 
present. 
The Transposition of Main Shoals and the Horizontal Transposition Rate of Depth Contour. The second 
and third generations of the shoals around alluvial islands in the Changjiang estuary are mainly 
distributed in the northwest of Changxing Island, the east of Hengsha Island and Jiuduansha. Therefore, 
this paper analyzed on the transpositions of the north-west shoals around Changxing Island, i.e. the sand 
head of central sand and grass sand now, the eastern shoals around Hengsha Island, the sand head and the 
tail of Jiuduansha. The results showed that: 
The northwestern shoals around Changxing Island moves with wandering rendering, the sand head of -
5m in 1879 ~ 2000 moved to the northwest (with the azimuth of 335 °) by 9.7 km, and then the directions 
and rates of movement of different periods vary widely (Figure 1). 
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Fig.1 Movement direction, distance and speed of the shoal head northwest to Changxing Island 
The shoal head of Hengsha Island is not fixed in terms of its position, but the isobaths axis of contours 
of -2mǃ-5m are fundamentally stable at the orientation of 100 ° ~ 110 °, the -2m,-5m depth contours in 
the eastern head of shoals around Hengsha Island from 1879 to 2000 respectively move over to the sea at 
the rates of 107 m / a and 109 m / a at the orientation of 105 °. The -2m depth contour had been moving 
over to the sea before 1958, with its moving rate up to 437 m / a at highest between 1931 to 1958, after 
1958 it has been retreating and eroded, with its increasing rate of retreat; the -5m contour has been 
moving over to the sea in addition to 1995 to 1998 when it has been back retreating (Table 1). 
Table 1  Bathymetric contour progradation rate (m·a-1) 
along 110° of the seaward shoalhead of Hengshaqiantan from 1879 to 2000 
 1879̚
1931 
1931̚
1958 
1958̚
1995 
1995̚
1998 
1998̚
2000 
1879̚
2000 
-
2m 
125 437 -113 -200 -300 107 
-
5m 
71 203 102 -33 150 109 
γ+: seaward; -:entad 
The sand head and tail of Jiuduansha is not fixed in terms of its position either, but the isobaths axis is 
fundamentally stable at the orientation of 120 °. The 0mǃ-2mǃ-5m sand tails of Jiuduansha from 1931 
to 2000 respectively move over to the sea at the rates of 239 m / a, 310 m / a and 194 m / a at the 
orientation of 120 °, and the 0mǃ-2m sand head respectively move over to the sea at the rates of 79 m / 
aǃ70 m / a, while the sand head of -5m retreated back to the upstream at the rate of 42 m/a (Table 2). 
Table 2  Bathymetric contour progradation rate (m·a-1) 
along 120°of Jiuduansha from 1931 to 2000 
 
γ+: seaward; -:entad                       
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Discussions 
Characteristics of the Natural Evolution of the Second and Third Generation of the Shoals Around 
Alluvial Islands in the Changjiang Estuary. As an important part of development model of the 
Changjiang estuary, the trend of the natural evolution process of the second and third generation of the 
shoals around alluvial islands in the Changjiang estuary is that deposition is as a whole and progradation 
seaward along the southeastt. Because the conditions as the power, sediment and river situation and so on 
are different in each location, the trends of the performance of the three islands are different. Changxing 
Island and the southern coast of Hengsha Island are eroded by southeastern wave and strongly washed by 
the rising tide and flow from the north side and then being collapsing river momentum for a continuous 
back to the northwest, the whole Hengsha Island migrated to the northwest by about 10 km between 1861 
to 1958[2]. By the impact of the migration of the island to the northwest, the Changxing Island migrated 
to the northwest by about 9.7 km between 1879 to 2000, with the western end of east of Hengsha shoal 
retreating back to the northwest accompanied by the land, and the east head over to the southeast, along 
the east head of Hengsha shoal move over to the southeast to the sea. Jiuduansha belongs to the flow 
stacked-type deposited alluvial island before its transferring from cut-type deposited alluvial island, 
located in the top spots of the trend of red, the head of sand moving down each year, while the tail of sand 
promoting to the sea.                                                                                  
The Impact of Human Activities on the Shoals Around Alluvial Islands 
The Human Activities in the Basin. The deposition and erosion of the Changjiang estuary are constrained 
by the amount of sediment in the Changjiang stream. In the recent 150 years when the intensity of 
development in stream in the Changjiang estuary is increasing greatly and a large number of mining 
deforestation caused serious soil erosion, along with the solid runoff increasing dramatically, the rate of 
the estuary silting into to the sea shows the feature of significantly increased than the historical period in 
the past (Table 3). Especially since the 1950s, the soil erosion area in the upper Changjiang has increased. 
The average annual increment of the total area and volume of the study shoal from 1958 to 1995 were 
respectively 7 to 25 times and 6 to 14 times of the average annual increment from 1879 to 1958 (Figure 2) 
adequately reflects this. 
 
Fig.2  Average annual change rate of total area (a) and volume (b) of the shoals in the study area between 1879̚1958 and 
1958̚2000 
Estuary Project. With Shanghai's rapid economic development and needs to lift the international status, a 
number of major projects will be under construction in the estuary area; these projects directly play roles 
on the shoal around alluvial island, thus speeding up or changing the natural evolution process of shoal. 
To match moving eastward of Pudong International Airport in 1997 and after the implementation of 
the ecological projects to promote siltation and attract birds by green planting in Jiuduansha, the 
deposition rate of green belt in Jiuduansha has risen up to 0.2 ~ 0.3 m / a, which is more than 5 times of 
the natural sedimentation rate. 
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On the other hand, Jiuduansha belongs to the sand island which is of the trend of top-down washed 
sand, whose head of sand slipping down year by year, and the tail of sand stretching to the sea which is its 
natural evolution rule, the 0m,-2m depth contour from 1931 to 1998 in the head of sand move to the 
south-east over 239m, 310 m each year on the average. When conducting the Changjiang estuary deep 
waterway in 1998, the fish mouth and dike are built in the diversion trough estuary of the north-south slot, 
making the 0m,-2m contour head of sand in Jiuduansha in just two years from 1998 to 2000 turned and 
moved to the northwest by 1.5 km and 13 km, the rate of horizontal transposition risen up to 750 m / a, 
6500m / a, respectively7 times and 53 times of the rates of natural horizontal transposition between 1931 
and 1998. In addition, when conducting the deep waterway, with the implementation of land reclamation 
and dredging on the beach (eastern beaches and shoals of Hengsha), from 1998 to 2000 the deposition 
sedimentation rate of eastern beaches of Hengsha reached 15 times of that from 1879 to 2000, and 0m 
area of the shoals around Hengsha significantly increase, the -2 ~ 0m has changed from the state of 
erosion into the state of siltation. 
Conclusions 
The shoals around Changxing-Hengsha Island and Jiuduansha in the Changjiang estuary are in status 
of deposition as a whole and extend seaward along southeast, which is consistent with trends in the 
evolution of the Changjiang Estuary. There are a total of 1.948 billion tons of sediment in the past 150 
years in the area studied, nearly accounting for 3.72% of sediment flux in Datong, with the average 
annual sediment thickness of 0.83cm. The change of shoals illustrated above is the average situation 
among those in many years since 1879, in fact, the evolution of the development of shoals are closely 
related to the amount of change of water and sediment from the upstream and severe weather and other 
factors, and the deposition rates differ in different periods, and some time there is even a certain degree of 
erosion. 
The erosion-accretion status differs in different shoals, shoals of Changxing-Hengsha Island are in 
washed status, east of Hengsha Island and Jiuduansha are in siltation status, Jiuduansha is the shoal which 
is of the fastest accretion in study area, but also one of those are of the fastest accretion in the Changjiang 
estuary area. 
With the increasing intensity of development in stream and the increasing number of coastal 
engineering in the estuary, the impact of human activities on the shoals around alluvial islands is 
becoming more and more intense, and the natural evolution process of shoals would even reverse 
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